Antioxidants have numerous applications due to their multiple roles in diminishing harmful effects of oxidative stress. The objective of this work was to highlight the importance of green tea by evaluating the antioxidant activity of the most popular green tea brands in Saudi Arabia, Lipton and Rabea. To our knowledge, no studies have so far been done to estimate the antioxidant activity of these brands. To determine the antioxidant activities of these two brands, 10 mg/ml of each brand was extracted and their total phenolic content (TPC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, hydrogen peroxide scavenging activity, ferric reducing power and ferrous ion chelating effect were measured. The TPC of Lipton tea was 678.7 µg of gallic acid equivalents (GAE)/10mg, whereas in Rabea tea, the TPC was 647.1 µg GAE/10mg. The presence study indicated that there were no significant differences in total phenolic contents and the percentage inhibition as shown in DPPH and H 2 O 2 assays among Lipton and Rabea green teas. Moreover, it was found that all assays have exhibited high antioxidant activity in both green teas. In conclusion, our study showed evidence for evenness and stability of the antioxidant activity of the two commercial green teas available in the markets of Saudi Arabia. Continued researches are needed to further the current knowledge on the health-promoting effects of this popular beverage using different supplements by different mechanisms.
Introduction
Tea is the most widely consumed drink in the world after water. It has been cultivated and consumed for more than 2000 years. Tea comes from the leaves of two classes of Camellia sinensis plant: assamica and sinensis, which originate in China and Southeast Asia [1] [2] . Tea has complex structure, which contains polyphenols, amino acids, proteins, alkaloids, minerals, carbohydrates, volatile compounds and trace elements [3] . Due to the presence of polyphenols, many scientific studies have proved the health benefits of tea such as anti-carcinogenic, anti-oxidant, anti-aging, anti-mutagenic, anti-viral, anti-bacterial, and anti-inflammatory properties [4] [5] . Tea can be classified according to the processing procedures into black, green and oolong tea. The percentage of each type of tea produced and consumed in the world is: 78% black, 20% green and 2% oolong tea [6] . Among the different types of tea, green tea is now preferred as it has much more positive health benefits in comparison to other natural products [7] . Green tea is produced by streaming fresh leaves to prevent catechin oxidation by polyphenol oxidase. With no fermentation, green tea leaves preserve their color and almost all of their catechin content [8] , and therefore have greater antioxidant potential than oolong and black tea, which are semi-fermented or fully fermented, respectively [9] . Green tea is rich in the flavonol group of polyphenol called catechin. Catechins act as antioxidants by sequestering metal ion and by scavenging free radicals that can damage DNA and contribute to cancer, metabolic dysfunctions, coagulation and atherosclerosis [10] [11]. The six major catechins known to exhibit biological activity are (+)-catechin (C), (−)-epicatechin (EC), (−)-epigallocatechin (EGC), (−)-gallocatechin gallate (GCG), (−)-epigallocatechin gallate (EGCG) and (−)-epicatechin gallate (ECG) [12] . Epigallocatechin gallate is the most plenty catechin in green tea, which accounts for 50% of the total catechins [8] . The antioxidant properties of green tea and its component of catechins were detected in many diseases associated with reactive oxygen species (ROS), such as cancer and neurodegenerative diseases. Many epidemiological studies have been conducted to show that green tea can provide protection against several cancers such as breast, prostate, bladder, ovarian, colorectal, esophageal, lung, pancreatic, and skin cancer [8] . Moreover, green tea has been found to provide protection against age-associated neurodegenerative and many other pathological diseases such as Alzheimer's disease, Parkinson's disease and ischemic damage [1] . Thus, the purpose of our research was to compare the total phenolic content, radical scavenging activity and metal chelation antioxidant activity of two popular green tea brands from local Saudi markets (Lipton classic green tea and Rabea green tea), by using several spectrophotometric methods. According to our knowledge, this is the first study to estimate antioxidant activity of the most common green tea brands available in the Saudi markets.
Materials and Methods

Chemicals
Chemicals used were as follows: Folin-Ciocalteu's phenol reagent, anhydrous sodium carbonate, 2,2-diphenyl-1-bicrylhydrazyl, ethanol, ascorbic acid, and phosphate buffered saline, and they were purchased from Fisher Scientific (Loughborough, UK). Hydrogen peroxide, phosphate buffer, potassium ferricyanide, trichloroacetic acid (TCA), ferric chloride, ferrous chloride, ferrozine and ethylenediaminetetraacetic acid (EDTA) were purchased from Sigma-Aldrich Chemical Co. (Pool, UK).
Samples and Extract Preparation
Two different brands of commercial tea, purchased from the local market (Lipton classic green tea and Rabea green tea), were used in this study. Both tea samples were prepared according to the traditional method, to measure their antioxidant activity using different methods. Each sample was prepared by adding hot water to tea leaves (10 mg/ml), then the mixture was kept at room temperature for 10 minutes before starting the experiments. The reducing ability of each sample was measured at different concentrations (2.5, 5, and 10 mg/ml).
Determination of Total Phenolic Content (TPC)
TPC was determined according to the Folin-Ciocalteu procedure used by [13] . A sample of 0.5 ml (10 mg/ml) was mixed with 5 ml of deionized water and 0.5 ml of Folin-Ciocalteu's reagent was added to all samples. The tubes were incubated at room temperature for 5 minutes. After that, 1 ml of 2% sodium carbonate (w/v) was added to all test tubes and incubated in dark place for one hour before the absorbance was measured by spectrophotometer at 750 nm.
DPPH Radical Scavenging Assay
Inhibition of DPPH radical was measured according to [14] method. First, 250 µl of ethanol (99.5%) was added to 250 µl experimental sample and incubated with 62.5 µl of DPPH solution. The samples were incubated in the dark for one hour at room temperature and the absorption was measured at 517 nm using spectrophotometer [14] . The experiment was performed in triplicate. Radical scavenging activity was expressed as inhibition percentage and was calculated using the following equation:
where: AB = absorption of blank sample. AA = absorption of sample.
Hydrogen Peroxide Assay
Hydrogen peroxide was measured according to the procedure described previously by [15] . Hydrogen peroxide (40 mM) was prepared in phosphate buffer saline at pH 7.4 (v/v), and 0.6 ml of the prepared buffer was added to all test tubes, followed by 1 ml of each sample and incubated at room temperature for 10 minutes. Finally, the absorbance was measured by uv-spectrophotometer at 230 nm. Radical scavenging activity was expressed as inhibition percentage and was calculated by the following equation:
Reducing Power Assay
Reducing power activity was determined according to [16] procedure. First, 1 ml of each sample was mixed with 2.5 ml of phosphate buffer pH 6.6 and 2.5 ml of potassium ferricyanide (1%) and then incubated in water bath at 50˚C for 30 minutes. 2.5 ml of 10% trichloroacetic acid (TCA) was added for acidifying the mixtures,.
The acidified mixture was centrifuged at 6000 rpm for 10 minutes at 10˚C. After that, 2.5 ml of the supernatant was mixed with 2.5 ml of deionized water and 0.5 ml ferric chloride (1%). At the end, the absorbance was measured at 700 nm by spectrophotometer.
Ferrous Ion Chelating Assay (FIC)
The ferrous ion chelating effect was investigated according to [17] method. First, 5µl of each sample was mixed with 50 µl of ferrous chloride (2 mM) and 1.5 ml of distilled water, and then the mixture was vortexed for 30 seconds. After that, 100 µl of ferrozine (5 mM) was added to the mixture then incubated at room temperature for 10 minutes. Finally, the absorbance was measured at 562 nm by spectrophotometer. In this experiment, 0.01% EDTA solution was used as a positive control. Ferrous ion chelating capacity was calculated by the following equation:
( )
Statistical Analysis
Statistical analysis was performed using GraphPad Prism 6.0andall data were expressed as the means ± SD of three independent experiments carried out in triplicate. Analysis of variance was performed by unpaired t-test.
The results with P < 0.05 were considered statistically significant.
Results
Total Phenolic Content (TPC)
Total phenolic contents of Lipton and Rabea green tea were expressed as gallic acid equivalent. The results showed that the content of polyphenols for Lipton and Rabea were 678.7 and 647.1 µg of gallic acid/10mg of tea, respectively. Therefore, there were no significant differences in the polyphenolic contents between the experimental tea types.
DPPH Radical Scavenging Activity
DPPH assay is used to evaluate the free radical scavenging activity of hydrogen donating antioxidants in many plant extracts. DPPH is a stable free radical with a dark violet color. This method is based on the principle that DPPH accepts a hydrogen atom from the antioxidant, resulting in the reduction of DPPH to DPPH2, the violet color changes to yellow with a consequent decrease in absorbance at 516 nm. The efficiency of the antioxidant compound is measured by its ability to change color. The percentage of inhibition caused by Lipton was 94% for the concentration of 10 mg/ml, while the scavenging activity of Rabea tea was 92% at the same concentration as shown in Figure 1 . These results demonstrated that Lipton and Rabea have the ability to scavenge free radicals. Therefore, both have the same high antioxidant activity.
Scavenging of Hydrogen Peroxide (H 2 O 2 )
Hydrogen peroxide has the ability to diffuse across biological membranes and can be generated in tissues during oxidative processes. There are three ways to produce H 2 O 2 : 1) by dismutation of the superoxide anion radical (enzymatic superoxide dismutase SOD), 2) by dismutation of the superoxide anion radical (non-enzymatic) or 3) by 2-electron reduction of molecular oxygen [18] . H 2 O 2 assay measured the ability of phenolic compounds to act as an electron donor at 320 nm at which H 2 O 2 was converted to H 2 O.
The percentage of inhibition caused by Lipton was 67% for the concentration of 10 mg/ml, while the scavenging activity of Rabea at the same concentration was 69%. As shown in Figure 2 , there was no significant difference in the percent inhibition values between Lipton and Rabea green tea at concentration of (10 mg/ml) (P > 0.05).
Reducing Power Assay
The most widely used method for total antioxidant capacity is the reducing power assay. The aim of this assay is to measure the reduction of ferric (Fe 3 ) to ferrous (Fe 2 ) ion [19] . Flavonoids act as antioxidants that are one of the components of green tea which they provoke the formation of less reactive species by electron donating via reducing power assay estimation. The results in this study showed an increase in the reductive ability of Lipton and Rabea green tea with an increase in the absorbance at 700 nm as shown in Table 1 . The reductive activities corresponding to concentration ranges (2.5, 5 and 10 mg/ml) of Lipton and Rabea green tea are shown in Figure  3 . The reducing activity revealed that there is no significant difference was observed between the two brands (P values were 0.6, 0.5 and 0.4, respectively).
Ferrous Ion Chelating Activity (FIC)
Iron is considered as a reactive metal being able to catalyze oxidative damage in cell [20] . In the presence of an antioxidant, the formation of the ferrous ion-ferrozine complex is inhibited. Therefore, chelation ability can be an indicator of an antioxidant activity of green tea. The chelation effect of Lipton and Rabea green tea measures the efficiency of the compounds in them that compete the ferrozine for ferrous ions. Figure 4(a) shows that both components chelate ferrous ion at 10 mg/ml with no significant differences between each other. In comparison with EDTA, which was used as a standard metal chelating agent in this study, the ferrous chelating activity of EDTA was 96% while, for Lipton and Rabea green tea were 83% and 84% respectively, as shown in Figure 4(b) .
Discussion
Polyphenols are a class of chemical constituents with one or more hydroxyl groups associated to the aromatic arene (phenyl) ring. Consequently, they are considered as one of the most potent antioxidative compounds that contribute to the antioxidant activity [21] . Hence, it is important to quantify polyphenol content and to estimate its contribution to antioxidant activity. Our results showed that the concentration of total phenol content was high in both brands but there were no significant differences between them. This result may be referred to the high antioxidant activity of tea catechins, which are mainly found in green tea. Catechins (flavan-3-ols) belong to the flavonoid family. Flavan-3-ols considered the greatest antioxidant contribution to green tea and represented for approximately 68% of its total antioxidant potential [22] . The main green tea catechins are Epicatechin (EC), epigallocatechin (EGC), epicatechin gallate (ECG) and epigallocatechin gallate (EGCG) [23] . In general, Epigallocatechin gallate is the most powerful catechins in tea and it is responsible for the majority of the biological activity of green tea. It is well known that green tea has greater total catechins than black tea due to Concentration of both components was 10 mg/ml. The value expressed as means ± SD (n = 3). Compression of means was made using unpaired t-test (P > 0.05). (b) Metal chelating activity of EDTA and Lipton and Rabea green tea. Concentration of both components was 10 mg/ml. The value expressed as means ± SD (n = 3). Compression of means were made using unpaired t-test (*** = P < 0.05). fermentation process; catechins in the black tea are reduced as they are converted to the flavins and thearubigins [24] .
Moreover, our results showed that the two brands have the ability to scavenge free radicals. A study conducted by [25] , indicated that the analysis of DPPH free radicals scavenging ability by green tea showed higher radicals scavenging efficiency than black tea extract. The presence of chlorophyll and pheophitin in green tea extract could explain the higher DPPH scavenging activity in these samples (Figure 1) . Furthermore, our result indicated the presence of high concentration of polyphenols that scavenge H 2 O 2 in similar way in both brands. The result of [18] was similar to our result. Furthermore, this study is in agreement with [26] findings, which reported that green tea had more activity than herbal tea due to the presence of high concentration of catechin in green tea. Moreover, it was observed in their study that the production of H 2 O 2 in tea was low as long as hot water is used while preparing tea.
In addition, our results revealed that there was no significant difference in the reducing activity between the two brands (P > 0.05). Several studies have shown that green tea had the highest reducing power. One of these studies proved that the extracts of green tea had ability to react with metal ions (Fe dant power (FRAP) values (P < 0.05 -0.0001) according to the study done by [27] . A possible briefly explanation for this assay might be that due to flavonoid possession of a 2,3-double bond in conjugation with the 4-oxo function in the C ring and a hydroxyl group adjacent to the B ring [28] .
In this study, the green teas showed high metal chelating activity. In agreement with our results, the study by [28] , indicated that tea types with higher catechins content and consequently higher antioxidant activity would also exhibit higher metal chelating activity. The chelating ability of green tea was attributed to the specific chemical groups on its polyphenol structure. Therefore, the presence of hydroxyl and carbonyl groups attached to a molecule or hydroxyl groups among molecules would chelate ferrous ion [28] . It was also reported that the distribution of chemical groups in the molecule that can interact with metal ions, is well known and certain combinations like a 3-and/or 5-hydroxyl group with a C4-keto group in the C ring, or the presence of 3',4'-dihydroxy group located on the B ring which are considered the major site for metal chelating due to catechol moiety, or a large number of OH groups. Because ferrous ions are the most effectual pro-oxidants in the food system [29] , the high ability of green tea for ferrous-ion chelating could be advantageous, if they were brewed as a drink or formulated into foods.
Conclusion
Our research work showed that generally green tea has higher content of polyphenols of high biological activity. Moreover, phenolic compounds in both popular green tea brands in Saudi markets (Lipton and Rabea) acted nearly at the similar rate in all five mechanisms, which were tested in this study. These findings enhance our understanding of the extent of the effect of antioxidants against free radicals reactive metal ions by applying some antioxidant methods. Further researches should focus on determining the antioxidant activity in green tea with new supplements by using different mechanisms.
